. These genotypes showed lower leaf nitrate concentrations than the other Butterhead genotypes "Augusta and Kennedy" and Crisphead genotype "Salddin" which did not amplify with the Nia gene. Based on these results, it is concluded that the gene-specific primer pairs for amplification of nitrate reductase gene (Nia (Nia ( ) might be useful in screening lettuce breeding material for low leaf nitrate content.
Introduction
Concerns about high nitrate levels in vegetable production have led to the introduction of limits on nitrate concentrations in some salad crops (Anon., 2001; Escobar-Gutierrez et al., 2002) . Among vegetable crops, lettuce, along with spinach, is routinely ranked as one of the highest accumulators of nitrate NO - (Lorenz, 1978; Al-Redhaiman, 2000) .
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Differences in the capacity to accumulate NO -among lettuce types (Crisphead, Butterhead, Romaine, Leaf) and their respective genotypes and cultivars are well documented (Reinink and Groenwold, 1988; Reinink, 1991) . It has been shown that Crisphead cultivars contain higher NO -than other lettuce types (Maynard et al., 1976) . Escobar-Gutierrez et al. (2002) found that nitrate concentration showed not only great variability between cultivars in general, but also between the main lettuce types and between cultivars within the Butterhead type as well. Genotypic and species differences in -accumulation may be related to differences in various physiological processes of nitrogen metabolism in plants, including uptake, reduction/assimilation, and translocation/partitioning (Al-Redhaiman, 1996) . Cultivars can vary in efficiency of nitrogen assimilation, and accumulation of -may be associated with a reduced capacity for -reduction and a low nitrate reductase activity (NRA) (Goodman, 1979) .
Materials and Methods
Seeds of eleven lettuce genotypes belonging to the types Butterhead (Ambassador, Augusta, Bath, Kennedy, and Merveille Des Quatre Saisons), Cos/ Romaine (Little Gem, Lobjoit's Green, and Romaine de Benicardo), Crisphead (Colona and Salddin), and (Cataldo et al., 1975) and the results expressed as mg NO -, per kg dry weight.
Tissue total N was determined using a modified microKjeldahl digestion procedure (Nelson and Summers, 1980) . Total genomic DNA of lettuce genotypes was extracted using the cetyltrimethyl-ammonium bromide (CTAB) method described by Hoisington et al. (1994) . Each sample (0.5 g) of leaf tissue was transferred to a tube containing 10 ml of extraction buffer (1.5 M NaCl, 100mM Tris-HCl pH 8, 20 mM EDTA, 1% CTAB). The samples were incubated for 2 hours at 65 o C with occasional mixing. Following incubation, 5 ml of chloroform/isoamylalcohol (24:1) was added to the tubes, mixed, and centrifuged at 2600 g for 10 min. The aqueous phase was removed to a fresh tube and an equal volume of ice-cold isopropanol was added, followed by centrifugation as above to precipitate the DNA. The pellet was washed in 70% ethanol and dissolved in TE buffer (10mM Tris-HCl, pH8.0, 0.1mM EDTA). Gene-specific primer pairs for amplification of the nitrate reductase gene (Nia) were as follows: forward primer, 5'-GGTAGGCGATTGGCTAACA TTGTCTGC-3'; and reverse primer 5'-GAGACAC CAACAGTCTTTCCTCTGCG-3' (Sherameti et al., 2002) . Amplification was carried out in 25 µl reaction volumes, containing 1X Taq polymerase buffer (50 mM KCl, 10mM Tris, pH 7.5, 1.5 mM MgCl2) and 1 unit of Taq polymerase (Pharmacia Biotech, Germany) supplemented with 0.01% gelatin, 0.2 mM of each dNTPs (Pharmacia Biotech, Germany), 25 pmol primer, and 50 ng of total genomic DNA. Amplification was performed in a thermal cycler An aliquot of 10 µl from each reaction product was resolved by electrophoresis on 1.5% agarose gel in 1X TAE buffer, stained with ethidium bromide, and visualized with UV light. Data were statistically analyzed by using a randomized complete block design with four replicates through Student-Keul's Test according to Sendecor and Cochran (1980) . The least significant differences were used to compare means at the 5% level. Linear association between total N of plant tissue and leaf nitrate concentrations was determined.
Results and Discussion
Leaf nitrate concentrations showed significant differences (P < 0.05) among lettuce genotypes (Fig.  1) . The Romaine genotype 'Lobjoit's Green' exhibited the lowest leaf nitrate concentration (4877.7 mg/kg dry weight). The Stem genotype 'Chinese stem', the Buterhead genotype 'Bath', and the Romaine genotypes 'Romaine de Benicardo' and 'Little Gem' also showed lower nitrate concentrations than other genotypes. The highest nitrate levels were recorded in the Butterhead genotypes 'Augusta and Kennedy'. It was recognized that lettuce genotypes can differ in nitrate accumulation (Behr and Wiebe, 1988; Reinink, 1992; Belligno et al., 1996) . Regarding within Butterhead genotypes, 'Bath' showed a lower nitrate concentration than the other Butterhead genotypes. Therefore, for nitrate concentration a high variability was found, not only among genotypes in general, but also between the lettuce types, and among genotypes within the Butterhead group (Escobar-Gutierrez et al., 2002) .
In the roots of lettuce genotypes, the Romaine genotype 'Romaine de Benicardo' exhibited the lowest nitrate concentration (4000 mg/kg dry weight) (Fig.  2) . Nitrate concentration in the roots was significantly higher in the Romaine genotype 'Little Gem' and the Butterhead genotypes 'Augusta and Merveille Des Quatre Saisons' than other lettuce genotypes. It may be noted that the Romaine genotype 'Little Gem' showed a low nitrate concentration in the leaves. This might indicate that the Romaine genotype 'Little Gem' can store a large portion of absorbed material in the roots thus translocating less NO -to leaves. Al-Redhaiman (2000) reported that lettuce genotypes can accumulate NO -to different levels due to their differential translocation or partitioning characteristics. Significant differences (P < 0.05) in total nitrogen concentrations as a percentage among lettuce genotypes were found (Fig. 3) . In general, total N concentrations were higher in the Butterhead and Crisphead genotypes than in the Romaine and Stem lettuce genotypes. This confirms the findings of AlRedhaiman (1996) that total N concentrations were higher in the Butterhead cultivars than in the Romaine type.
Correlation analysis was performed for the overall dataset to establish whether there was a significant relationship between total N concentrations of plant tissues and leaf nitrate concentrations. A significant (p < 0.01) positive association (r = 0.80, p < 0.01) was observed between leaf NO -concentrations and total N concentrations. Genotypes such as Lobjoit's Green and Chinese stem were characterized by the lowest genotypes of leaf nitrate concentrations and total N concentrations. On the other hand, the Butterhead genotypes 'Augusta and Kennedy' were characterized by the highest genotypes of leaf nitrate concentrations and total N concentrations. A positive and significant correlation between leaf NO -concentrations and total N concentrations was also reported by Al-Redhaiman (1996) and Gent (2003) . In general, total N in the plants results from accumulated N uptake. Therefore, variation in leaf nitrate concentrations in lettuce genotypes may be attributed to differences in nitrate uptake (Behr and Wiebe, 1992; Al-Redhaiman, 2000 (Fig. 4) . On the other hand, the Nia gene was not amplified in PCR from other genotypes. It was interesting to note that the Butterhead genotypes 'Ambassador, Bath and Merveille des Quatre Saisons' had the nitrate reductase gene (Nia) and showed low leaf nitrate concentrations. However, the other Butterhead genotypes 'Augusta and Kennedy' exhibited the highest leaf nitrate concentrations and did not amplify with the Nia gene. Moreover, the Romaine genotype 'Romaine de Benicardo' was amplified with the Nia gene and showed low nitrate concentrations in the leaves and roots. Therefore, the low nitrate content in lettuce might be due to the nitrate reductase gene (Nia reductase gene (Nia reductase gene ( ). Al-Redhaiman (1996) suggested that genotypic differences in NO -accumulation in lettuce are not exclusively the result of cultivar differences in NO -uptake and reduction, but may also involve other factors related to NO -metabolism, such as nitrate reductase activity. The total nitrate reductase activity is regulated comparably to the expression of the nitrate reductase genes (Sharameti et al., 2002) . Curtis et al. (1999) The work presented in this paper illustrates that sensitive specific PCR assays represents a valuable and a new tool for screening lettuce breeding material for low nitrate content which will be a major objective in lettuce breeding programs to limit nitrate concentration in salad crops. This could be of great importance since high nitrate concentration can be toxic and may cause illness or even death in humans.
